Introduction
The blastocyst stage of preimplantation development is well characterized for a large number of mammalian species and certain morphological changes accompanying blastocyst formation are common within these species (Blandau, 1971) . Before contact between embryonic and maternal cells blastocysts escape from the surrounding zona pellucida and are then referred to as hatched blastocysts. The ultrastructure of mouse blastocysts has been described from the time of cavity formation until the initial stage of implantation (Nadijcka & Hillman, 1974) but no detailed reports on the fine structure of human or bovine hatched blastocysts are available.
The technique of in-vitro fertilization and embryo culture is capable of producing normal infants in the natural (Edwards, Steptoe & Purdy, 1980;  Lopata, Johnston, Hoult & Speirs, 1980) and the stimulated (Trounson, Leeton, Wood, Webb & Wood, 1981) ovulatory cycle of women. The correct culture conditions for producing viable embryos are important and, until a pregnancy is established, fertilization and preimplantation embryo growth are the only characteristics which can be used to assess the adequacy of the culture conditions. Expanded and hatched human blastocysts have been reported after in-vitro fertilization and culture (Steptoe, Edwards & Purdy, 1971; Edwards, 1973; Trounson, Leeton, Wood, Webb & Kovacs, 1980; Trounson, Mohr, Wood & Leeton, 1982 although endoderm is observed in embryos grown in vivo (McReynolds & Hadek, 1972 (Grant, Nilsson & Bergstrom, 1977) .
The purpose of this investigation was (1) to study in detail the fine structure of a hatched human blastocyst produced from fertilization and culture in vitro, and (2) to compare the structure of this blastocyst with hatched mouse and bovine blastocysts.
Materials and Methods
The human blastocyst resulted from an oocyte recovered at laparoscopy from a patient whose ovulatory cycle was controlled with clomiphene citrate and hCG as described by Trounson et al. (1981 Trounson et al. ( , 1982 (Mohr & Trounson, 1980) , and then hatching and hatched blastocysts were recovered and fixed for electron microscopy.
Bovine blastocysts were obtained by non-surgical flushing, 7 days after oestrus, of dairy cows induced to superovulate (Brand, Trounson, Aarts, Drost & Zaayer, 1978) . These blastocysts were cultured in modified Whitten's media (Hoppe & Pitts, 1973) supplemented with 20% fetal calf serum using methods previously described (Mohr & Trounson, 1981 Fig. 9 ). Mitochondria in the human cavity trophoblast were elongated, moderately electron dense with transverse cristae and were generally peripherally located (PI. 3, Fig. 10 ). Smooth endoplasmic reticulum was frequently found in close association with mitochondria (PI. 3, Fig. 10 ). Mitochondria in the mouse cavity trophoblast were smaller, vacuolated and comparatively more electron dense (PI. 3, Fig. 11 ). Glycogen granules were a prominent feature in most cells of the human blastocyst (PI. 3, Fig. 10 ).
Polar trophoblast. In the human and bovine blastocysts, polar trophoblast cells were less attenuated than cavity trophoblast, contained many vesicular inclusions, numerous long microvilli on the external surface (PI. 4, Fig. 13 ) and were frequently mitotic (PI. 1, Fig. 4 Fig. 14) . At some points the plasma membrane of adjacent inner cell mass cells were very closely apposed and micropinocytotic activity could be seen along the surface of the cells (PI. 5, Fig. 15 ). There were degenerating cells in the inner cell mass of the bovine and human blastocysts (PI. 5, Fig. 14) . In the human and mouse, the nuclei of inner cell mass cells were large and irregular while those in the bovine blastocyst were spherical; the nuclei of all three species contained dense nucleoli (PI. 1, Figs 2-4 Fig. 14) .
In the bovine blastocyst no endoderm layer was evident from light microscopic examination but electron microscopy revealed that cells on the blastocoelic surface of the inner cell mass showed certain ultrastructural differences from the cells located beneath. These features include a flattening of the cells, an increased number of free ribosomes, the development of apical junctional regions and the appearance of small amounts of rough endoplasmic reticulum with dilated cisternae.
Discussion
The cleavage times recorded for the human blastocyst in vitro in this study are well within normal cleavage times recorded for human embryos in vitro (Edwards, 1973 (Edwards, , 1980 and for viable human embryos that have implanted in the uterus after transfer (Trounson et al., 1982) . The general light microscopic appearance of the blastocyst was similar to that of other human blastocysts reported (Steptoe et al., 1971; Edwards, 1973 Edwards, , 1980 (Ozias & Stern, 1973) , and to diminish embryo viability, as assessed by implantation after transfer, as the period in culture is increased (Tervit & Rowson, 1974) . Increased amounts of glycogen have been observed in embryos cultured in vitro (Pike, 1981) and glycogen granules were a prominent feature in the cytoplasm of both the trophoblast and inner cell mass cells in the human blastocyst. Vesicular inclusions and lysosome-like structures are common in the blastocysts of many mammalian species (Enders, 1971) , they are particularly abundant in the late blastocysts of the sheep (Wintenberger-Torrès & Fléchon, 1974) and cow (Mohr & Trounson, 1981 (Hurst et al, 1978) .
Mitochondria in the human blastocyst appeared more elongated, electron transluscent and had an increased number of transverse cristae compared to the mouse and bovine blastocysts. This may indicate increased metabolic activity of the human blastocyst as mitochondrial development is well correlated with metabolic activity (Stern, Biggers & Anderson, 1971) .
The structural integrity of this hatched human blastocyst is an encouraging indication that developmental viability of human embryos may be retained for quite long periods of time in the culture conditions described. This is particularly important when much shorter times are employed for in-vitro culture (Trounson et al, , 1982 . However, apparently normal ultrastructural observations do not necessarily indicate complete viability because there are many essential biochemical components which cannot be detected by this method of embryo evaluation. However, the fertilization and culture of a human embryo under conditions identical to those used in this study led to the establishment of a normal pregnancy after transfer of a 4-cell embryo and this pregnancy has now resulted in the birth of a normal infant. This study has confirmed that while the embryos of different mammalian species have a characteristic ultrastructure, there are some common structural features of development. Ultrastructural comparison of human embryos with those of other species can yield information on the developmental status and morphological normality of these embryos.
